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CARBOHYDRATE-MODIFYING ENZYMES FOR BURN AND WOUTW) 
DEBRIDEMENT AND METHODS FOR TREATMENT 

FIELD OF THE INVENTrON 

The present invention is in the field of carbohydrate chemistry and biochemistry. In 
particular, the invention provides carbohydrate-cleaving enzymes having broad-specificity 
and methods for debriding bums and other wounds using the same. 

BACKGROUN D OF THE INVENTTON 

Carbohydrates play a number of iiiq)ortant roles in the functioning of living 
organisms. In addition to their metabolic roles, carbohydrates are structural components of 
the human body, being covalently attached to numerous other entities such as proteins 
(glycoproteins) and lipids (glycolipids) and are called collectively "glycoconjugates". For 
example, the himian skin makeup consists of collagen proteins, sugar-containing glycolipids, 
and a sugar-containing protein matrix called the proteoglycan matrix. The carbohydrate 
portion of this proteoglycan matrix imparts important properties to the skin structure such as 
stability and resistance against heat, acids, protease enzymes of inflammation and as a storage 
location for growth factors, salts, metals and water. 

Bums and oiher wounds are characterized by abnormalities in the microarchitecture of 
the skin tissue leading to a reduction in permeability and strmgth and an increased 
susceptibility to fluid loss and infection. More than 2 million Americans suffer serious bums 
every year and approximately 150,000 of these persons require surgical treatment and skin 
grafting for their bums. 

The current treatment of severely bumed patients has dramatically reduced the 
incidence of death from shock, sepsis and hypermetabolism. As a result the major issues 
fiicing bum specialists are finding adequate means to re-cover the bumed area and in 
providing chronic rehabilitation &om skin contracture Nguyen et aL, Annak of Surgery 
^3:14-25 (1996)). Part of the strategy in bum wound care is to surgically remove bumed 
skin down to the subcutaneous tissue layer and replace it with autologous, allogeneic or 
xenogeneic skin. Traditional bum wound management involved applying local antibiotics to 
bumed skm and waiting until the bum eschar separated in 3-5 weeks due to liquefaction of 
necrotic bum tissue by proteolytic enzymes released from proliferating pathogens within the 
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wound. In an eflfort to speed up release of necrotic tissues and reduce the need for surgical 
debridement, the topical application of microbial proteolytic enzymes have been used. These 
include non-specific proteases (Durham et aL J Bum Care Rehabil 14rS44-SSL 1993 and 
Smclmetal.,Australas J Dermatol 35:35-41 (1994))andcollagenase(Hansbroughe/a/.,y 
Bum Care Rehabil 16:241-247 (1995)). Wound sites treated with these enzymes often clean 
m less time and heal faster, but the treatment can be associated with pain and bleeding of the 
wound bed. 

Identifying the components of the wound environment has become a major goal of 
wound healing research. One approach to study the wound environment has been through 
analysis of wound fluid (Young ei aL, J. of Invest Dermatol. 103:660-664 (1994)). A family 
of proteinases termed metalloproteinases including collagenase, gelatinase and stromelysin 
has been identified and found to be re^onsible for degradation of extracellular matrix 
components (Woessner et aL, FASEB J. 5:2145-2154 (1991)). However, these enzymes are 
regulated by tissue inhibitory metaUoproteinases exerting an inhibitory role in remodeling of 
the extracellular matrix especially in chronic wounds (Lafuma et aL, J, Invest DermatoL 
102:945-950 (1994)). A recent controlled, randomized prospective trial has shown the 
efBcacy of enzymatic debridement of partial-thickness bum wounds in limited areas with 
coUagenase versus the topical antimicrobial silver sulfadiazine (Hansbrough et aL, 7. of Bum 
Care and Rehabilitation 16:241-7 (1995)). However, deep-partial and fiill-thickness bum 
wounds still provide a challenge in terms of eschar removal. The management of these bum 
wounds initially requires mechanical debridement of the burned skin and qiplication of 
tq>ical antibiotics. Eventually these wounds will require surgical excision and complete 
closure with autograft or placement of a temporary coverage using allograft. The latter will 
allow for neovascularization and prevent wound infection until autograftmg can be 
poformed. 

Recent advances in carbohydrate analysis have resulted m new interest in the role of 
complex carbohydrates in different biological systems (Hu et aL, J, of Chromatography, 
705:89-103 (1995)). The development of new techniques such as FACE® has provided a 
simple and inexpensive method for analysis of complex carbohydrates (Starr et al.^ J. of 
Chromatography 720:295-321 (1996)). Specific enzymes (carbohydrate modifymg en^mes) 
for carbohydrate degradation have been ^lied for ftmctional and stmctural studies of glycan 
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moieties, but almost no attention has been paid to tbe biological significance of these enzymes 
as well (Hansbrough et al, supra). Limited information is avaikble in the field of wound 
healing regarding the proteoglycans and glycosammoglycans in the extracellular matrix. 
Proteoglycans are extracellular matrix, or membrane-associated macromolecules, containing 
95% polysaccharide by weigjit and 5% protein by weigiht (Boehringer-Mannheim, 
Biochemical Products Division, Indianj^)oUs, IN. Technical Bulletin "Biochemicals for 
Glycoprotein and Carbohydrate Research", pp. 124-134). The proteoglycan has a backbone 
of hyaluronic acid with covalently attached subunits. These subunits have a protem core and 
charged polysaccharides (glycosaminoglycans, GAG's) attached to the core (-Biochemicals 
for Glycoprotein and Carbohydrate Research", pp. 124-134, supra). The GAG chains are 
linear polymers consisting of a disaccharide repeating unit usually of a hexuronic acid (or 
galactose in keratan sulfate) linked to an N-acetyl-hexasamine sulfate or N-acetyl 
glucosamine in hyaluronic acid ("Biochemicals for Glycoprotein and Carbohydrate 
Research", pp. 124-134, supra). In the skin, their rapid turnover during development implies 
a dynamic role in the morphogenic processes which take place in the skin (Goldsmith, L. 
Proteoglycans: Modular Macromolecules ofthe Extracellular Matrix, Physiology, 
Biochemistry, and Molecular Biology of the Skin, 1991, Vol. I; 558-575). 

The proteoglycan composition of the skm is complex, and that of the eschar is yet to 
be determined. Great interest exists in determining the proteoglycan composition of the 
Mtracellular matrix in eschar and normal human skin utilizing a variety of carbohydrate- 
modifying enzymes. These enzymes also called glycosidases are a set of enzymes found in 
lysosomes and used in cleavage of complex carbohydrates into sunple units (Aronson Jr et al. 
The Faseb Journal, 3£141:2615-22 (Dec. 1989)). These enzymes can be classified as 
cxoglycosidasesorendoglycosidases. Exoglycosidases work by enzymatic release of a 
particular glycosyl unit only when it is present at the nonreducing end of an oligosaccharide 
chain. Endoglycosidases act by catalyzing internal chain cleavage and release 
oligosaccharides as products (Aronson Jr et at., supra). They also catalyze the cleavage of the 
linkage between the proximal saccharides and core proteins of the parent glycoconjugates 
(Suzuki et al , Glycobiology 4f6): 777-789 (1 994)). 

It has recently been detamined that normal human skin has approximately 10% of its 
dry weight in the form of nou-prbtein glycosaminoglycans. Glycosaminoglycans are sugar 
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chains consisting of repeating polymers of acidic polysaccharides. These materials are 
composed of building blocks of the following sugars in various corhbinations: galactose, 
glucose, N-acetylglucosamine, N-acetylgalactosamine, glucuronic acid, galacturonic acid and 
iduronic acid. In addition these sugar units may be variably linked a or p at their anomeric 
carbons and (1-3) or (1-4) to their ring cazbons through an O-glycosidic bond. Finally they 
may be variably substituted with sulfates at their 23,4 or 6 carbons. Depending on the precise 
rq)eating disaccharide structure and location of sul&tes, human connective tissue 
glycosaminoglycans are commonly classified as hyaluronates, chondroitin sulfates, dermatan 
sul&tes, heparan sulfates, hq)arin sul&tes and keratan sulfates (Collins PM, Carbohydrates. 
London, Chapman Hall, (1987)). Glycosaminoglycans are carbohydrates which are integrally 
related to collagen and comprise a portion of proteoglycans found in connective tissue. 
Normal skin is 70% hyaluronate, 20% dermatan and 10% keratan . Bum skin is thought to 
have only hyaliironate and dermatan. 

Because of the high concentrations of glycosaminoglycans in skin, in bum patients, 
enzymes that degrade glycosaminoglycans (GAGs) might be useful adjuncts to bum wound 
debridement 

BRIEF SUMMARY OF THE INVENTION 
In a first aspect, the present invention features a method for treating wounds 
comprising the step of administering an effective amount of a carbohydnfte-active enzyme. 
Preferred caibohydrate-active enzymes of the present invention include but are not limited to 
chondroitinases and hyaluronidases. The method is particularly applicable to mucocutaneous 
wounds such as bum wounds but also is effective for other types of mucocutaneous wounds 
such as those caused by trauma including surgical wounds. 

In another aspect, the present invention features pharmaceutical compositions for 
treating wounds. The pharmaceutical con^sitions in accordance with the present invention 
comprise an effective amount of at least one carbohydrate-active enzyme. Preferred 
carbohydrate-active enzymes of the present compositions include but are not limited to 
chondroitinases and hyaluronidases. The compositions are particularly applicable to treating 
bum wounds but are also effective for other types of wounds such as those cause by trauma 
including surgical wounds. In some preferred embodiments, the conq)osition comprising a 
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caibohydrate-active enzyme is administered by topical, cutaneous or mucosal administration. 
In other preferred embodiments, the caibohydrate-active enzyme may be administered by 
cellular transformation vectors containing nucleic acid sequences encoding the carbohydrate- 
active enzymes. 

In further aspect, the invention features cDNA sequences for carbohydrate-active 
enzymes and cDNA expression systems for using various DNA sequences to produce 
mammalian caibohydrate-active enzymes for a variety of uses. The invention further includes 
recombinant plasmids comprising the cDNA of mammalian carbohydrate-active enzymes. 
The invention also includes transformed cells comprising a heterologous DNA sequence that 
encodes for a caibohydiate-active enzyme or a biologically active fragment or mutant thereof 

In yet another aspect, the present invention features methods for producing a 
caibohydrate-active enzyme or a biologically active fragment or mutant thereof comprising 
the steps of culturing a transformed cell comprising a DNA sequence encoding for a 
carbohydrate-active enzyme or a biologically active fragment or mutant thereof in a suitable 
nutrient medium and isolating the caibohydrate-active enzyme or a biologically active 
fragment or mutant thereof 

In another aspect, the present invention features a kit for treating wounds comprising a 
pharmaceutical composition having at least one carbohydrate-active enzyme therein. 

BRTHF nF5; CRIPTION OF THE FIGURES 
Figure 1 represents the monosaccharide analysis of normal skin. Specifically, the 

amounts of GalNAc, mannose, glucose, galactose, GlcNAc, and unknown are provided for 

whole skin and the epidermis. 

Figure 2 represents the monosaccharide analysis of eschar from fiill-thickness bums. 

Specifically, the amounts of GalNAc, mannose, glucose, galactose, GlcNAc, and unknown 

are provided for whole eschar, mid section eschar and the epidermis. 

Figure 3 represents the glycosaminoglycan composition of normal skin. Relatively 

large amounts of hyaluronic acid are present with lesser amounts of dennatan sulfate and 

ka:atan sulfate. 

Figure 4 represents the glycosaminoglycan composition of the outer layCT of normal 
skin. Relatively large amounts of hyaluronic acid are present with lesser amounts of dennatan 
sulfrite and keratan sulfate. 
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Figure 5 represents the glycosaminoglycan composition of the inner layer of normal 
skin. There are similar amounts of hyaluronic acid and dormatan sulfate with smaller 
amounts of CSA (chondroitin sulfate A). 

Figure 6 represents the glycosaminoglycan composition of total eschar. Hyaluronic 
acid comprises the majority of total glyocsaminoglycans with lesser amounts of dennatan 
sulfate. 

Figure 7 demonstrates that the purified enzyme Chondroitinase ABC catalyzes the 
eUminative cleavage of N-acetylhexosaminide linkages in chondroitin 4-sulfate, chondroitin 
6-sulfate, dermatan sulfate, chondroitin, and hyaluronic acid, yielding mainly disaccharides 
with A4-hexuronate at the non-reducing ends. The enzyme does not substantially act on 
keratan sulfate, heparin, and heparan sulfate. Lane 1 represents a quantification control. Lane 
2 has no enzyme control. Lane 3 demonstrates that Chondroitinase ABC digests GAGs 
present in skin. Lane 4 represents the disaccharide standards that chondroitinase ABC 
effectively digests. 

Figure 8 represents the effect of decreasing the time to wound healing. Wound closure 
of wounds treated with collagenase and chondroitinase ABC occurred in 25 and 14 days 
respectively. 

Figure 9 represents that at the dose tested (1400 units/gm vehicle), optimal hydrolysis 
of eschar fiom the surface of partial-thickness bums is evident after two successive treatments 
with hyaluronidase. 

Figure 10 represents that incomplete hydrolysis and nominal effects on eschar are 
observed after two treatmmts (48 hours of hydrolysis) within wounds receiving phosphate 
buffered saline. 

Figure 1 1 represents diat at the dose tested (1400 units/gm vehicle), optimal hydrolysis 
of eschar &om the surface of partial-diickness bums is e^doit after two successive treatments 
with chondroitinase ABC. 

Figure 12 represents the nucleotide sequence for the naturally-occurring gene 
encoding chondroitinase B obtained from Falciparum heparinum. 

Figure 13 represents the nucleotide sequence for the naturally-occurring gene 
encoding chondroitinase ABC obtained from Proteus vulgaris. 
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DETAILED DESCRTPTION OF THE INVENTION 

In a first aspect, the present invention features a method for treating wounds 
comprising the step of administering an effective amount of a caifoohydrate-active enzyme. 
Preferred carbohydrate-active enzymes of the present invention mclude but are not limited to 
chondroitinases and hyaluronidases. The carbohydrate-active enzymes may be administered 
by, for example, a pharmaceutical composition, transfer vectors or by transformed cell lines. 
The method is particularly qjplicable to mucosal wounds but also is effective for other types 
of wounds. The method is e?q>ecially ^licable for bum wounds and wounds caused by 
trauma including surgical wounds. 

In a second aspect the present invmtion features pharmaceutical compositions for 
treatmg wounds. The pharmaceutical compositions in accordance with the present invention 
comprise an effective amount of at least one carbohydrate-active enzyme. Preferred 
carbohydrate-active enzymes of the present compositions include but are not limited to 
chondroitinases and hyaluronidases. The compositions are particularly ^licable to treating 
bum wounds but are also effective for other types of mucosal wounds such as those caused by 
trauma including surgical wounds. In some preferred embodiments, the composition 
comprising a carbohydrate-active enzyme is administered by topical, cutaneous or mucosal 
administration. In other preferred embodiments, the carbohydrate-active enzyme may be 
administered by cellular transformation vectors containing nucleic acid sequences encoding 
the caibohydrate-active enzymes. 

An aspect of the presoit invention is to provide compositions for treating wounds such 
as bum wounds and trauma wounds, where the compositions are formulated so as to be 
ad^ted to the q)ecific route of administration. In some embodhnentSi the present invention 
provides for administering the enzyme by topical cutaneous or mucosal administration. In 
other embodiments, the present invention provides for administering the enzyme by way of 
cellular transformation vectors conq)rising nucleic acid sequences encoding therapeutic 
carbohydrate-modifying enzymes. 

In some preferred embodiments, the pharmaceutical compositions comprise a glycan- 
cleaving enzyme. Ther^eutic enzymes may be administered in a number of ways such as 
intravenous, intralesional, topical, intranasal, inhalation or mucocutaneous administration. 
Another aspect of the subject invention is to provide for the administration of the enzyme by 
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formulating it with a pharmaceutically-accqjtable carrier which may be a solid, a semi-solid 
or a liquid, and such compositions comprise a further aspect of the invention. Examples of 
phannaceutical compositions include drops such as nasal drops, compositions for topical 
application such as ointments, jeUies, creams and suspensions, aerosols for inhalation, nasal 
spray, liposomes, etc. Usually the enzyme will comprise between 0.05 and 99% or between 
0.5 and 99% by weight of the composition, for example between 0.5 and 20% for 
compositions intended for injection and between 0.1 and 50% for compositions intended for 
topical administration. 

When therapeutic enzymes are administered in the form of a subcutaneous implant, 
the compound is suspended or dissolved in a slowly dispersed material known to those skilled 
in the art, or administered in a device which slowly releases the active material through the 
use of a constant driving force such as an orotic pump. In such cases administration over an 
extended period of time is possible. 

To produce pharmaceutical compositions in this form of dosage units for topical 
application containing a therapeutic enzyme, the enzyme may be mixed with a solid, 
pulverulent carrier, for example lactose, saccharose, sorbitol, mannitol, a starch such as potato 
starch, com starch, amylopectin, laminaria powder or citrus pulp powder, a cellulose 
derivative or gelatine and also may include lubricants such as magnesium or calcium stearate 
or a Carbowax or other polyethylene glycol waxes. Dyestuflfs can be added to these 
formulations, for example, to distinguish between dififerent contents of active substance. 

Therapeutic caibohydrate-active enzymes of the subject invention may also be 
administered parenterally such as by subcutaneous or intralesional injection or by sustained 
release implant. In subcutaneous or intralesional injection the therq)eutic enzyme (the 
caibohydrate-active enzyme) may be dissolved or dispersed m a liquid carrier vehicle. For 
intralesional administration the active material may be suitably admixed with an acceptable 
vdricle, prcfarably of the vegetable oil variety such as peanut oil, cottonseed oil and the like. 
CMher parmteral vehicles such as organic compositions using solketal, glycerol, fonnal, and 
aqueous parenteral fonnulations may also be used. 

For intralesional plication by injection compositions may comprise an aqueous 
solution of a water soluble pharmaceutically acceptable salt of the active acids according to 
the invention, desirably in a concentration of 0.5-10%, and optionally also a stabilizing agent 
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and/or buffer substances in aqueous solution. Dosage units of the solution may 
advantageously be enclosed in ampoules. 

The phannaceutical compositions are preferably in the form of an ointment, gel, 
suspension, cream or the like. The amount of active substance may vary, for example 
between 0.05- 20% by weight of the active substance. Such phannaceutical compositions for 
topical plication may be prepared in known manners by mixing the active substance with 
known carrier materials suph as isoprepanol, glycerol, paraffin, stearyl alcohol, polyethylene 
glycol, etc. The phannaceutically accq)table carrier may also include a known chemical 
absorption promoter. Examples of absoiption promoters are, e.g., dimethylacetamide (U.S. 
Patent No. 3,472,931), trichloro eflianol or trifluoroethanol (U.S. Patent No. 3,891,757), 
certain alcohols and mixtures thereof(Great Britain Patent No. 1,001,949). A carrier material 
for topical qiplication to unbroken skin is also described in the Great Britain patent 
specification No. 1,464,975, which discloses a carrier material consisting of a solvent 
comprising 40 70% (v/v) isopropanol and 0 60% (v/v) glycerol, the balance, if any, bemg an 
inert constituent of a diluent not exceeding 40% of the total volume of solvent. 

The dosage at which the thenqjeutic carbohydrate-active enzyme containing 
phannaceutical compositions are administered may vary within a wide range and will depend 
on various factors such as for example the severity of the infection, the age of the patient, etc., ' 
and may have to be individually adjusted. As a possible range for the amount of therapeutic 
enzyme which may be administered per day, about 0. 1 mg to about 2000 mg or from about 1 
mg to about 2000 mg is provided. 

The pharmaceutical compositions containing the thenq)eutic carbohydrate-active 
enzymes may suitably be formulated so that they provide doses within these ranges dflier as 
single dosage units or as multiple dosage units. In addition to containing a ther^eutic enzyme 
(or ther^eutic enzymes), the subject formulations may contain one or more substrates or 
cofactors for the reaction catalyzed by the ther^eutic enzyme in flie compositions. 
Therapeutic enzyme containing compositions may also contain more than one therapeutic 
enzyme. 

The tfaer^>eutic enzymes en^iloyed in the present methods and compositions may also 
be administered by means of transforming patient cells with polynucleic acids encoding the 
&erapeutic caibohydrate-active enzyme when the tfaerqieutic enzyme is a protein br 
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ribonucleic acid sequence. The ther^eutic carbohydrate-active enzyme encoding sequence 
may be incorporated into a vector for transformation into cells of the subject to be treated. 
The vector may be designed so as to integrate mto the chromosomes of the subject, e.g., 
retroviral vectors, or to replicate autonomously in the host cells. Vectors containmg 
iher^utic enzyme encoding nucleotide sequences may be designed so as to provide for 
continuous or regulated expression of the ther^eutic enzymes. Additionally, the genetic 
vector encoding the ther^utic enzymes may be designed so as to stably mtegrate into the 
cell genome or to only be present transiently. The general methodology of conventional 
gmetic ther^y may be applied to polynucleotide sequences encodmg therapeutic enzymes. 
Reviews of conventional genetic therapy techniques can be found, in Friedman, Science 
244:1275-1281(1989); Ledley, J Inherit Metab Dis 13:587-616(1990); Tososheve/a/., 
Curr Opinions Biotech 1:55.61 (1990). 

In another aspect, the invention features cDNA sequences for carbohydrate-active 
mzymes, and cDNA expression systems for using various DNA sequences to produce 
mammalian carbohydrate-active enzymes for a variety of uses. The cDNA expression 
systems of the present invention provide a practical method for making carbohydrate-active 
enzymes having biological activity and in amounts which make the enzymes available for 
practical ther^eutic use. Preferred caibohydrate-active enzymes of the presmt invention 
include but are not limited to chondroitinases and hyaluronidases. 

The invention further includes recombinant plasmids comprising the cDNA of 
mammalian carbohydrate-active enzymes. Such plasmids are adapted for expression in 
cukaiyotic cells and contain the regulatoiy elements necessary for expression of carbohydrate- 
active enzyme cDNA in eukaryotic cells. 

The invention also includes transformed cells comprising a heterologous DNA 
sequence that encodes for a caibohydratc-active enzyme or a biologically active fragment or 
mutant thereof. Such a heterologous DNA sequence may be incorporated into a plasmid. In 
preferred onbodiments, the transformed cells are eukaryotic cells and may be selected from 
the group consisting of mammalian cells, immortalized mammalian cells, fungi and yeasts. 

In yet another aspect, the present invention features methods for producing a 
carbohydrate-active enzyme or a biologically active fragment or mutant thereof comprising 
tiie stq)s of culturing a transformed cell comprising a DNA sequence encoding for a 
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carbohydrate-active enzyme or a biologically active fragment or mutant thereof in a suitable 
nutrient medium and isolating the carbohydrate-active enzyme or a biologically active 
fiagment or mutant thereof. In a preferred embodiment, the present invention features 
methods for obtaining a glycosaminoglycan-cleaving enzyme from Proteus vulgaris. 

In another a^ect, the present invention features a kit for treating wounds comprising a 
pharmaceutical composition having at least one caifoohydrate-active enzyme therein. 

The methods and compositions of the present invention mvmtion differ substantially 
from othor forms of medical tfaer^y for wounds because conventional thersqiy methods 
feature proteolytic enzymes. This has a significant disadvantage because the mechanism of 
action of proteolytic enzymes provides significant toxicity and side effects in recipients. 

The following definitions are provided to further clarify the present invention. The 
invention is not intended to be Umitedtiiereby. Those skilled in the art will understand that 
tiiere are further meanings known to ttiose skilled in the art for the terms used, and the 
exanq)les are not intended to be exhaustive. 

The term "caitK)hydrate-active enzyme** as used herein is intended to include any 
enzyme which alters a carbohydrate by reducing, oxidizing, cleaving or altering the chemical 
stmcture thereof The term is specifically intended to encompass carbohydrat0 reducing 
enzymes. Examples of such enzymes include glycosanunoglycan reducing enzymes such as 
hyaluronidases, chondroitinases, dermatanases, heparanases, heparinases and keratanases. 
These specifically include endoglycosidases and exoglycosidases. Preferred carbohydrate- 
active enzymes include chondroitinases and hyaluronidases. 

The term ^Mucocutaneous wound" as used herein is intended to include any wound 
which features alteratioii to the normal structure or cellular composition or cellular 
architecture of the integument including the q)idermis, endodermis or underlying connective 
tissue. 

The term '^treating** as used herem is intended to include performing any steps or 
providing any agents which may alter Ae healing process of wounds by, for example, 
e}q)editing exfoliation of damaged or dead tissues or cells, increasing vascular infiltration, and 
e3q)editing the breakdown or rmioval of damaged cells or fragments thereof. 
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EXAMPLES OF THE PRHFERRED EMBODIMENTS 
The following examples are provided for illustration only. The invention is not 
intended to be limited thereby. Those of skill in the art may make many variations within the 
scope of the appended claims. 

EXAMPLE! 

Glvcosaminoglvcans can be measured accurately in hmnan skin. 

Procedure: Measurement of glycosaminoglycans in skin is assessed using FACE 
technology (Glyko, Inc., Novato, CA). Skin samples are homogenized in a saline solution or 
subjected to protease digestion using coUagenase (Sigma Chemical Co, St Louis MO), and 
the supernatant is incubated with CPC reagent (cetylpyridinium chloride) to precipitate high 
molecular weight glycosaminoglycans (GAGs). The CPC precipitate is then washed and re- 
precipitated in LiCl and ethanol. GAGs are then digested with chondroitinase ABC 
(Seikagaku Chemical Company, Tokyo, J^an), labeled with fluorophore, and loaded onto 
FACE gels. The carbohydrates are separated by electrophoresis for q>proximately 1,5 hours 
followed by imaging of the gel. Unique chondroitin sulfate disaccharide bands are then 
quantified using the FACE imaging system provided by Glyko, Inc. Electronic images of 
fluorescent bands present on the gel are acquired by a CCD (charge-coupled-device) and 
processed into a digital image which is then displayed on a computer screen using FACE 
Imaging Software. The software allows for band quantification and band pattern recognition 
compared to a ladder of glucose polymers which are run in a single lane of the gel along with 
unknowns. 

Results: Results of these studies are shown in Figures 1-6. Figure 1 represents the 
monosaccharide analysis of normal skin. Figure 2 represents the monosaccharide analysis of 
eschar bom full-thickness bums. Figure 3 represents the glycosaminoglycan composition of 
normal skin. Figure 4 represents the glycosaminoglycan composition of the outer layer of 
normal skin. Figure 5 rq)resents the glycosaminoglycan composition of the inner layer of 
normal skin. Figure 6 represents the glycosaminoglycan composition of total eschar. 

EXAMPLE 2 

Preparation of Chondroitinase ABC (Chondroitin ABC Ivase: C h ondroitin ABC eliminase: 
EC 4.2.2.4^ from Proteus vulgaris 
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Procedure: Chondioitinase ABC is purified from culture supernatant of Proteus 
vulgaris grown on reconunended media (Saito et aL,J.Biol Chem, 243: 1543 (1968); Oike et 
al, J, Biol Chem. 251: 9751 (1982)). The supernatant fix)m culture broth is precipitated with 
ammonium sulfate followed by DEAE-Cellulose chromatography. The material is prqiared 
as a lyophiUzed powder with bovine serum albumin (less than 1 mg/50 U) added as a 
stabilizer. 

The purijQed enzyme catalyzes the eliminative cleavage of N-acetylhexosaminide 
linkages in chondroitin 4-sulfete, chondroitin 6-sulfate, dennatan sulfate, chondroitin, and 
hyaluronic acid, yielding mainly disaccharides with A4-hexuronate at the non-reducing ends. 
The enzyme does not act on kwatan sulfate, heparin, and heparan sulfate. The initial rates of 
enzymatic degradation of chondroitin sul&te C, dennatan sulfate, chondroitin and hyaluronic 
acid are 1.0, 0.4, 0.2, and 0.02, respectively, relative to the rate of chondroitin sulfate A 
degradation. The enzyme can be used for selective removal of the chondroitin sulfate or 
domatan sulfate side chains from proteoglycans, yielding a protein-enriched core molecule. 

Results: The results are sunmiarized by the gel represented in Figure 7. Lane 1 
r^resents a quantification control. Lane 2 has no enzyme control. Lane 3 dononstrates 
Chondroitinase ABC digests GAGs present in skin. Lane 4 represents the disaccharide 
standards against which chondroitinase ABC effectively digests. 

SPECmCATIONS: 

Specific Activity One unit is defined as the quantity of the enzyme that catalyzes the 



formation of 1 micromole of unsaturated disaccharide from chondroitin 
6-sulfate per minute at 37 degrees C, pH 8.0 (Yamagata et al., J. Biol 
Chem. 243i 1523 (1968)). 



Optimum pH 



8.0 (for chondroitin sul&te) 
6.2 (for hyaluronic acid) 



Molecular weigjit 
Activators 



120,000- 145,000 (gel filtration) 
Achate (0.05M) 

Zn+HO.OOIM ZnCl mhibits by 100%) 



Inhibitors 
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Heparin (an equimolar amount of heparin in inhibits by ca. 70%) 
EXAMPLES 

Preparation of Chondmitinajse B fiom Flavobactenum heparinum 

The chondroitmase B sequence was retrieved ftom Flavobacterium heparinum (ATCC 
13125) DNA by PGR amplification. Primers were designed based on a sequence previously 
dq>osited in Genbank (Accession U27584). The signal peptide was not included within the 
amplified coding sequence. Primer S*-terminal restriction sites allowed direct cloning into flie 
fhioredoxin-fiision plasmid pThioHis (Invitrogen) cut with Ncol and EcoRI. Expression was 
optimized in Co/i strain BL21 . 



Materials 

The following materials were used: 

For Cell Culture LB/carbenicillin plate with pThioHisChondB in BL2 1 cells 
50 ml sterile LB/caibenicillin (60 ng/ml) in a 250 ml flask 
4 X 1 .0 L sterile LB/carbenicillin in 2.8 L flasks with >4 cm stir bars 
20ml200mMIPTG 

4 stir-plates, 4 large trays (for ice), 4 styrofoam platforms 
2 X 500 ml centrifuge bottles 

For Lysis 50 mM Tis-HCl, pH 8.0, 5 mM imidazole, 1 mM EDTA, 1 mM 

Pefabloc SC» 2 ^g/ml Leupeptin 
Dry ice-ethanol bath 
2 X 35 ml Oak Ridge centrifiige tubes 



Column Heparin-acrylic bead column (1 0-20 ml/L culture media) 

500 ml 50 mM Tris-HCl, pH 8.0 
40 ml 50 mM Tris-HO, pH 8.0,150 mM NaCl 

Procedure 



The following procedures were followed: 



Preparation 

2.8 L flasks were autoclaved with LB media and stir bars. Caibenicillin was added 
after cooling. The media can be stored at room temperature for one to two days. A heparin 
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bead column was washed with 2 column volumes of >1 M NaCl and at least 3 column 
volumes of 50 mM Tris-HCI, pH 8.0, A single-colony of pThioHisChondB in BL21 cells 
WCTe inoculated into 100 ml of LB/carbenicillin. The cells were mcubated at 37^C overnight 
with 250 rpm shaking. Subculture if stationary. 

Cell Culture 

20 ml of overnight culture were seeded into each 2.8 L flask. The flasks were shaken 
at 37**C with 250 rpm shaking until 0.5<OD550<0.7. The bottles were immediately 
transferred to ice-filled trays on stir-plates and stirred at moderate speed until the culture 
temperature was <10^C (about an hour). A few drops of Antifoam 289 were added at this 
stage to prevent fix)thmg of cultures. 5 ml of 200 mM IPTG were added to each culture, and 
the ice trays were removed after about 5 minutes. The cultures were stirred at room 
temperature for three hours. Styrofoam was placed between bottles and stir-plates. The 
cultures were pelleted in 2 x 500 ml bottles (8000 rpm for 10 minutes). The two pellets were 
weighed and (combined weight between 5-7 grams). 

CellLysis 

The pellets were resuspended in a total of 80 ml lysis buflfer (protease inhibitors added 
fresh) and transferred to 2 x 50 ml polypropylene Falcon ttibes. The tubes were then vortexed 
to insure that cells were completely resuspended and that no clumps remained. The cells were 
then immediately frozen by immersion in a dry ice-ethanol bath. At least 10 minutes were 
allowed for complete freezing to occur. The cell solution was then quickly thawed by 
umnersing the tubes in a 37X bath and shaking. The thawed cells were placed on ice and 
sonicated with a Branson 450 miax)tip using an ou^ut of 3-4 and a duty cycle of 100% for at 
least 3 X 15 seconds. The freezing, thawing, sonicating stq)s were repeated four times. The 
lysate was transfeixed to 2 x 35 ml Oak Ridge tubes and clarified by spinning at > 1 0,000 rpm 
for at least 30 minutes. The supernatant was transfened back to a single 50 ml Falcon tube 
and supplemented with MgC12 to 10 mM, RNase A to 10 jig/ml, and DNase I to 10 fig/ml. 
The tube was rocked at 4*C for 30 minutes. The weight of the pellet after lysis was 
determined to be about 1/3 that of the origmal cell pellet. 5 jiL and 10 ^iL supernatant were 
assayed for activity against dermatan sulfrite. 
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Column Chromatography 

The entire nucleic acid-depleted supernatant was added onto a heparin column, and the 
sample was allowed to flow through column at a rate of <2.0 ml/minute. 5 jiL of tfie flow- 
through was assayed to ensure c^ture of the chondroitinase. The column was washed with 
50-100 ml 50 mM Tris-HGI, pH 8.0. The wash was checked for activity to confirm that the 
majority of the chondroitinase remained bound. The chondroitinase was eluted with 40 ml or 
less of 50 mM Tris-HCI, pH 8.0, 150 mM NaCl. The activity of the eluate was detennined. 
The eluate was supplemented with a stabilizing agent. Successful additives to the column 
media include BSA or ovalbumin at 0.05%. A 10% piotem gel of the pre-column 
supernatant, flow-through, wash, and eluate fiactions was run for SDS-PAGE. The molecular 
weight of thiochondroitinase B is about 66 kD. The column can be regenerated by washing 
with >1 M NaCl and reequilibrating with the 50 mM Tris-HCI, pH 8.0. The matrix can be 
stored in Tris buffer containing 0.02% thimerosal. 

Chondroitinase B Ouahtv Control Pratocol 

The activity of chondroitinase B in cleaving N-acetylgalactosamine linked to L- 
iduroni acid in dmnatan sulfate may be determined by the following protocol. 
Chondroitm Sulfate B was obtained from Sigma and used as the substrate. 

Materials Required: Spectrophotometer 

Chondroitin Sulfate B at 20 mg/ml in deionized water 

50 mM Tris-HCI, pH 8.0 (Trizma Base, Sigma Cat# T.8404) Quartz 

cuvettes 

P-lOOOpipetman 
P-20 pipetman 

Chondroitin Sulfate B is dissolved in deionized water to a concentration of 20 mg/ml, 
A quartz cuvette was filled to a final volume of 1 .0 ml comprised of 50 mM TrisHCI, pH 8.0 
and Chondroitin Sulfate B, at a final concentration of 1 00 ^ig/ml. After warming up the 
spectrophotometer, the wavelength on the spectrophotometer was set to 232 nm. Contents 
were added to a quartz cuvette and mixed by inverting the cuvette. The cuvette was placed 
inside. After 1 minute the absoibance reading was recorded. The reactions were stopped by 
adding 480 ^1 of Stop Reagent. Incubation for 10 minutes at 3TC and then centrifiigation for 
5 minutes. 400 |il of supernatant was pipetted into a new tube and 600 jil of Assay Buffer 



16 



wo 99/46368 



PCTAJS99/05722 



was added. These were mixed and absorbance immediately read (A574) of the sample against 
blank at room temperature. Absorbance readings should be less than 0.02 to pass the protease 
test 

Calculating the Activity 

The enzyme activity was calculated using the following formula: 

OD232X106 jmiole/min/^1 
time(min) X enzyme volumeOil) X SlOO 

Quality Control Assay for Detecting Contaminating Enzyme Activity 

Contaminating Chondroitinase AC activity may be evaluated with the assay above, 
using the following substrates in place of dermatan sulfate: 

Chondroitin Sulfate A 
Chondroitin Sulfate C 
Hyaluronic Acid 

Any absorbance readmg less than 0,002 can be considered background and is acceptable. 
Quality Control Assay for Detecting Protease Activity 

Protease detection is based on the release of resorufin by proteolysis of tagged 
peptides, as detailed below (Boehringer Maimheim): 
The following solutions were prepared: 

A. Substrate Solution: 0.4% Casein, resorufin-labeled (w/v) in redistilled water 

B. Incubation BuflFcr: 0.2 M Tris-HCI, pH 7.8, 0.02 M CaCh, 

C. Sample Solution: Chondroitinase B enzyme at the appropriate final concentration 

D. Stop Reagent: 5% Trichloroacetic acid (w/v) in redistilled water 

E. Assay Buffer: 0.5 M Tris-HCl, pH 8.8. 

Set up these reactions in 1 ml reaction vessels and mcubate overnight at yr^C. 



Sample Blank 



Sample 



Substrate Solution SO ^1 
Redistilled Water 100 jil 
Sample Solution - 



SOfil 
90 ^l 
10^1 
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EXAMPLE 4 
Useful Formulations of Chondroitinase ARf^ 

We prepared a glycerin-based hydrogel. The hydrogel formulation was evaluated for 
stability, release of enzyme by diffusion cell and agar plate and for pilot sterility feasibility. 
Variations of the basic hydrogel were evaluated for stability and release: The variations 
evaluated include buffer concentration, hydroxyethyl cellulose concentration, glycmn 
concentration, presence of various additives and the use of caibopol as a gelling agent. 

We have determmed tiiat chondioitinase ABC is relatively unstable in glycmn alone 
without the addition of phosphate buffer. Preliminary data suggest that chondroitinase ABC 
stability is enhanced with the higher concentration of phosphate buffer. 

We have determined that a glycerin-based hydrogel is stable at S*', room temperature 
and 40°C for 3 months. The same formulation is also stable at 5 and 30*^C for one month. 
The addition of urea or carbopol (pH adjusted with 50% trolamine instead of phosphate 
buflFer) to the hydrogel formulation causes significant instability of chondroitinase ABC at 30 
and 40^C. (65 and 45% loss respectively &om T=0 after 1 month at 40*'C). The addition of 
benzyl alcohol or dioctyl sodium sulfosuccinate appears to cause instability of chondroitinase 
ABC but to a lesser degree. (33% loss fcom T=0 after 1 month at 40**C). A higher 
concentration of phosphate buffer (300 mM instead of 50 mM) appears to enhance the 
stability of chondroitinase ABC in the hydrogel foimulaion. 

A hydrogel formulation of chondroitinase ABC was prepared. It has a sustained 
release for at least 24 hours with 25 to 35% of the enzyme activity released. FurfliCT 
sustained release studies on agar plate with formulation with two concentrations of 
chondroitinase ABC (100 & 500 U/g) vs. a solution of chondroitinase ABC at 500 U/g. The 
study revealed mcreased zone of clearing (or area of hydrolysis) is seen with increased 
concentrations of chondroitinase ABC in hydrogel formulations after 24 hours. 

A glycerin-based chondroitinase ABC hydrogel at 500 U/g was packaged into 3 gram 
Laminate tubes and irradiated with E-beam radiation at 10, 1 5, 20 and 30 kGy. A 25% loss of 
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activity occuired at 10 kGy and increased with higher doses of radiation to a 40% loss at 30 
kGy. 

A glycerin-based hydrogel having 300 mM phosphate buffer or alternatively having 
50 mM phosphate buffer has proven to be an effective delivery formulation. Low levels of 
parabens or benzyl alcohol may be introduced as acceptable preservatives. 

EXAMPLE 5 

Carbohydrate-degradi ng enzvmes degrade plvcosaminoglvcans in skin 

Procedure: Skin samples from patients with bums and normal persons were obtained. 
For these analyses skin samples were stored at -TO^'C until the time of assay. Thawed samples 
were homogenized in a saline solution, and the GAGs were precipitated from 500 jil of 
supernatant by adding 0.5 ml of CPC (cetylpyiidinium chloride) reagent (O.ZM NaCitrate, 
0.1%CPC,pH4.8). The mixture was incubated for 30 minutes at 37T. The CTC precipitate 
was recovered by centrifiigation for 5 minutes at 14,000xg, and the siq)ematant was 
discarded. The CPC pellet was washed by dissolving the pellet in 67 ^1 2M LiCl, adding 267 
jil of cold ethanol and re-precipitating the CPC for 2 hours at 4^C. The washed CPC pellet 
was recovered by centrifiigation for 5 minutes at 14,000xg and resuspended in 50 |il ofKp. 
The residue was digested into disaccharides by adding 20 jil of chondroitinase ABC solution 
and incubating for 30 minutes at 37°C. The digest was dried m a centrifugal vacuum 
evaporator, and the disaccharides were labeled with a fluorescent tag by resuspending the 
residue in 5 jil of the fluorophore AMAC (2-aminoacridone), 0.15M in 15% acetic acid and 5 
jil of IM NaCNBH^ in DMSO. The labeling reaction was complete in 16 hours at 37®C. 
The vial of labeled oligosaccharides was brought to 20^1 in 10% glycerol, and 4 ^1 was 
placed in the lane of a FACE pre-cast polyacrylamide gel and electrophoresed for 1 .5 hours 
followed by imaging of the gel. Unique chondroitin sulfate disaccharide bands were then 
quantified using flie FACE imaging system provided by Glyko, Inc. Electronic images of 
fluorescent bands present on the gel were acquired by a CCD (charge-coupled-device) and 
processed into a digital image which was then displayed on a computer screen using FACE 
Imaging Software. The software allows for band quantification and band pattern recognition 
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compared to a ladder of glucose polymers which are run in a single lane of the gel along with 
unknowns. 

Results: The results are provided in Figure 7. This figure demonstrates that the 
purified enzyme Chondroitinase ABC catalyzes the eliminative cleavage of N- 
acetylhexosaminide linkages in chondroitin 4-sulfate, chondioitin 6-sulfete, dermatan sulfate, 
chondroitin, and hyaluronic acid, yielding mamly disaccharides with A4.hexuronate at the 
non-reducing ends. The enzyme does not substantially act on keratan sulfate, heparin, and 
heparan sulfate. Lane 1 represents a quantification control. Lane 2 has no enzyme control. 
Lane 3 demonstrates that Chondroitmase ABC digests GAGs present in skin. Lane 4 
represents the disaccharide standards that chondroitmase ABC effectively digests. 

EXAMPLE 6 

Enzymatic debridement of fall thickn ess thermal hums in mice using chond mitinagftg and 
hyalumnidflgftfi 

Methods: Inbred BALB-c mice, 8-10 weeks ofage were used in this study. After hair 
removal, the mice were anesthetized and narcotics given ^propriately prior to a fiill thickness 
contact bum wound (approxnnately 30% total body surface area). A 2 X 2 cm hot template 
was ^lied to the dorsum of the mice with a pressure of 50 grams and immediately fluid 
resuscitated. Enzymatic treatment was done once a day until flie wound was 95% clean and 
then closed with isograft. A surgical control group underwent a fiill thickness bum, 
immediate surgical excision and grafting. Santyl® (collagenase) treated fiiU thickness bums 
were used as an enzyme control. The experimental bum wounds underwent topical treatment 
wi& a chondroitinase ABC (firom Proteus vulgaris, Seikagaku, Tokyo Japm) prepared in 
sodium pho^hate buflfer pH 7.4. Wounds were cleaned with sterile gauze and normal saline 
to remove the eschar. Debridement was standardized to 20 strokes per wound each day. 
Wounds were considered clean after at least 95% of the eschar was removed. The end points 
of the study were days to wound cleaning (95% clean wound) and days to complete 
epitfaelialization (95% epithehalized). 

Results: Enzymatic debridement with collagenase resulted in the partial dissolution of 
eschar until the wound was cleaned. Wound bleeding was noticed on the last day of treatment 
in most wounds. The collagenase group had a median of 4 days to clean the wound compared 
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to 5 days for chondroitinase ABC (p value not significant). Removal of eschar in the 
chondroitinase ABC group occurred as a single layer with clean separation of eschar at the 
interface of the burned and underlying unbumed tissue. Greater than 50% of eschar was 
removed during the first three days of wound treatment in the chondroitinase ABC group. In 
the surgical control group, wounds were completely epithelialized with a median of 12 days 
after grafting. Wound closure of wounds treated with coUagenase and chondroitinase ABC 
occurred in 25 and 14 days respectively. These results are demonstrated in Figure 8. The 
wounds treated with chondroitinase were cleaner than those treated with collagenase, had less 
bleeding and q)ithelialized sooner. 



EXAMPLE? 

Enzymatic debridement of full thi ckness bums in pies usinp chondmitinases and 
hvaluronidases. 

A porcine bum model is used to obtain these data. The porcme bum model protocol is 
as follows: 

Day 1: Male Yorkshire pig (50-701bs) is sedated with Ketamme Hydrochloride (20 
mg«cg and Acq)romazine Maleate (0.5 mg^g) by intramuscular injection. The anunal is 
placed under isoflurane inhalation anesthesia to induce sleep but maintains spontaneous 
respiration while in the operating room. The animal is positioned on his belly. The back is 
flien shaved with shears and further shaved with a razor. The skin surface is prepped with a 
so^ scmb and dried. 

Four groiq)s of three bum wounds are mapped out over both of the anunal's flanks 
usmg an uik pro. Aftor the animal is repositioned to provide a flat flank sur&ce, fiill 
thickness ttieraial wounds arc then created at these designated spaces. The burning is 
perfomied using metal templates 3.5cm in diameter that are heated in boiling water (100 C). 
These heated discs are then placed on the animal's skin with minimal but equal pressure for 35 
seconds. 

The wounds are then covered in OpSite shectina (Smith-Nephew). An elastic nettma 
sleeve (Durr Medical; Montgomery, AL) is then placed over the animal's torso, and 
bandaging tape is applied at both ends to hold the dressing in place after the pig resumes 
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normal daily activities. The animal is taken off isoflutane inhalation and returned to its cage 
where it is closely monitored until full recovery has taken place. 

Day2: The pig is again sedated and anesthetized as outlined above. TheOpSite 
covering is removed and the animal's flank is wiped down with saline. Attention is turned to 
the previously made bum wounds grouped in sets of three and randomized to receive a 
blinded enzyme formula. In each bum group, one wound receives the specific enzyme 
formula directly, another is treated with this formula after the eschar has been aerated, and the 
final wound is treated with the formula during ttie aerating process. A Permark tattooing 
device (Micropigmentation Devices iic; Edison, NJ) with a 14 needle tip is used to perforate 
or "aerate" the eschar surface of the above selected wounds. After these treatments, OpSite 
sheeting is reapplied separately to the individual sets of wounds. The pig is then dressed in 
the usual fashion and returned to its cage to recover. 

Day3, The pig is sedated and anesthetized in the usual fashion. The bandages are 
removed, and the wound drainage is cleaned fiom the protected surfaces with saline. Light 
debridement is then performed to each wound usmg dry clean gauze. Photogrqjhs are then 
taken of each wound group to document the effects of each enzyme formula. The wounds are 
then excised from each flank, sectioned, and fixed in 4% paraformaldehyde. The animal is 
humanely euthanized with an intracardiac injection of Pentobarbital sodium 
(6grains/ml/101bs). 

The above tissues are trichrome stained for histologic evaluation and assessment of the 
efiBcacy of enzymatic debridement of the fiill thickness bum. 
Results 

On postbum day 3, wounds are divided into three groups: a) Phosphate-buffered 
Saline pH 7.0, b) hyaluronidase, and c) chondroitinase ABC. On postbum day 4 (after 24 
hours of hydrolysis or a single treatment), one wound fiom each treatment groi^) is removed 
by a dermatome on a fiill-ttiickness setting. On postbum day 5 (after 48 hours of hydrolysis 
or two successive topical treatments), one wound fiiom each treatment group is removed for 
analysis. This removal procedure is repeated on postbum days 6 and 7 after bum injury, 
which rq>resents 72 and 96 hours of hydrolysis or three and four topical treatments, 
respectively. Additional wounds from each treatment group continue to receive placebo 
formulation after enzyme treatments are concluded and are removed after 10 days of healing. 
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Wound tissues including nonnal margins from the edges and underlying normal 
dermis from these partial-thickness wounds are fixed in 10% neutral buffered formalin for 48 
hours and embedded in paraffin wax. Representative sections (6 pm) are stained with 
Gomori's Trichrome and photogn?>hed with an Olympus Vanox AH light microscope 
(Olympus America, Inc., Lake Success, N.Y.). 

Formulation A 

Wounds receive 48 hours of hyaluronidase hydrolysis (two successive treatments) as 
described herein and are harvested and stained with Trichrome. A. photo is made at the 
wound edge so the extmt of tissue removal may be ^preciated. The dennal eschar shows 
ext^isive disruption. The hardened eschar is softened with topical treatment 

Formulation B 

Wounds receive 48 hours of phosphate buffered saline (two successive treatments) as 
described herein and are harvested and stained with Trichrome. A photo is made at the 
wound edge so the extent of tissue removal may be ^preciated. The dermal eschar shows no 
evidence of disruption. The hardened eschar has not been softened with topical treatment. 
The epidermis at the surface is sloughing, and deeper hair follicles show extensive damage. 

Formulation C 

Wounds receive 48 hours of chondroitinase ABC hydrolysis (two successive 
treatments) as described herein and are harvested and stained with Trichrome. A photo is 
made at the wound edge so the extent of tissue removal may be ^reciated. The dermal 
eschar shows extensive disruption. The hardened eschar is softened with topical treatment 

At the dose tested (1400 units/gm vehicle), optimal hydrolysis of eschar from the 
surface of partial-thickness bums is evident after two successive treatments witii 
hyaluronidase and chondroitinase ABC (Figures 9 and 1 1). By comparison, incomplete 
hydrolysis and nominal effects on eschar is observed after two treatments (48 hours of 
hydrolysis) within wounds receiving phosphate buffered saline (Figure 10). Wounds in the 
phosphate buffered saline groiq) may be characterized as heat-fixed or desiccated in situ. At 
the surface of nontreated wounds, the qiidermis remains in place, although upon closer 
examination, epithelial cells at the surface and those comprising deq>er hair follicles show 
signs of necrosis. 
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Qualitative evaluation of granulation tissue (neodermis) 

Histologic differences among the enzyme and phosphate buffered saline groups is 
most pronounced at postbum day 10. Enzyme treated wounds show robust ingrowth of 
granulation tissue into the tissue defect. The wound bed is entirely filled with an influx of 
fibroblasts, macrophages, and new capillaries. Staining of the newly synthesized matrix 
appears pale in contrast to the surrounding nonwounded dermis with its mature collagen 
fibrils. In enzyme-treated wounds, small pockets of granulation tissue are interspersed among 
mature collagen fibrils 

Dose response evaluation 

Both neodermal (granulation tissue) responses and re-epithelialization are evaluated as 
a fimction of dose response. By gross observation, all three of the vibriolysin doses tested 
remove nonviable tissue firom the wounds. Quantitative histologic evaluations after 10 days 
of healing indicates a dose-responsive effect in the depth of the granulation tissue as a 
fimction of the enzyme concentration. The lowest dose tested shows a significantly greater 
granulation tissue formation compared to the PBS formulation. In addition, regrowA of the 
epidermis is unremarkable, and wounds are 100% resur&ced by post-bum day 10. 

Although the invention has been described with reference to the presently preferred 
embodiments, it should be understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, the invention is limited only by the 
following claims. 
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WHAT IS CLAIMED: 

1 . A method for treating wounds comprising the step of administering an 
effective amount of a cari)ohydrate-active. enzyme. 

2. A method according to claun 1 wherem the caifoohydrat&-active enzyme is 
selected fix)m the groiq> consisting of a chondroitinase and a hyaluionidase. 

3. A method accordmg to claim 1 wherem the caibohydrate-active enzyme is 
administered by a pharmaceutical composition. 

4. A method according to claim 1 wherein the carbohydrate-active enzyme is 
administered by a transfer vector. 

A method according to claim 1 wherein the caibohydrate-active enzyme is 
by a transformed cell line. 

A method according to claim 1 wherein the wound is a mucocutaneous wound. 

A method according to claim 1 wherein the wound is a bum wound. 

A pharmaceutical conq[K)sition for treating a wound comprising an effective 
amount of at least one carbohydrate-active enzyme. 

9. The pharmaceutical composition of claim 8 wherein the carbohydrate-active 
enzyme is selected fiom flie gj^oup consistmg of a chondroitinase and a hyaluronidase. 

10. The pharmaceutical composition of claim 8 designed to be administered 
topically. 



5. 

administered 
6. 
7. 
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11. A phannaceutical composition for treating a wound comprising a cellular 
transformation vector having a nucleic acid sequence encoding a carbohydrate-active enzyme. 

12. A pharmaceutical composition according to claim 8 wherein the carbohydrate- 
active enzyme is a glycan-cleaving enzyme. 

13. A metfiod for treating wounds comprising the step of administmng an 
effective amount of a polynucleic acids encoding a carbohydrate-active enzyme. 

14. A cDNA sequence encoding a carbohydrate-active enzyme. 

15. A cDNA sequmce according to claim 14 encoding a carbohydrate-active 
enzyme selected fiom the gjconp consisting of a chondroitinase and a hyaluronidase. 

16. A recombinant plasmid comprising a cDNA sequence encoding a 
carbohydrate-active enzyme. 

17. A transformed cell comprising a heterologous DNA sequence that encodes for 
a caibohydrate-active enzyme. 

18. A transformed cell according to claim 1 7 wherein the transformed cell is 
selected fipom the groi^ consisting of a manmialian cell, an immortalized mammahan cell, a 
fimgusandayeast 

19. A method for producing a carbohydrate-active enzyme comprising the steps of: 

(a) culturing a transformed cell comprising a DNA sequoice encoding for 
a carbohydrate-active enzyme in a suitable nutrient medium; and 

(b) isolating the caibohydrate-active enzyme. 

20. A method for obtaining a glycosaminoglycan-cleaving enzyme &om Proteus 
vidgcaris comprising the stq)s of: 
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(a) Culturing Proteus vulgaris in a suitable nutrient medium; and 

(b) Isolating the glycosaminoglycan-^leaving enzyme. 

21. A kit useful for treating wounds comprising a pharmaceutical composition 
having at least one carbohydrate-active esozymc therein. 

22. A purified product from cultures of a Proteus species having the ability to 
degrade a glycosaminoglycans. 
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DEGRADATION OF HUMAN SKIN 
GLYCOSAMINOGLYCANS BY 
CHONDRaVNASE ABC 




IC 



LANE 1 QUANTinCAVON CONTROL 

LANE 2 MINUS ENZYME CONTROL. 

LANE 3 CHONDROITINASE ABC DIGESTION OF SKIN CAGs 

LANE 4 CHONDRam SULFATE DISACCHARIDE STANDARDS 
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FIG. 12 

CnAA66CAGATGGT6CAATCCTG6n6ATnCTGGGCACACT6GTCGGTCCGT6CAAAAT6ATC6 

CrCCGAnCTGGATGAMTCGCnGACGAATATCAGGGCAAACnGACCGnGCAAAACnGAACA 

TCGATCACAACCCGGGCACTGCGCCGAAATATGGCATCCGTGGTATCCCGACTCTGCTGCTGnCA 

AAAACGGTGAAGTGGCGGCAACCAAAGTGGGTGCACTGTCTAAAGGTCAGnGAAAGAGTTCaCG 

ACGCTAACCTGGCCGGCTCTGGATCCGGTGATGACGATGACAAGGTACCCATGGGACAGGTTGnG 

CnCAAATGAAACTTTATACCAGGnGTAAAGGAGGTAAAACCCGGTGGTCTGGTACAGAnGCCG 

ATGGGACTTATAAAGATGnCAGCTGATTGTCAGCAAnCAGGAAAATCTGGTTTGCCCATCACTA 

nAAAGCCaGAACCCGGGTAAGGTTTTTTTTACCGGAGATGCTAAAGTAGAGCTGAGGGGCGAGC 

ACCTGATACTGGAAGGCATCTGGTTTAAAGACGGGAACAGAGCTAnCAGGCATGGAAATCACATG 

GACCCGGATTGGTGGCTATATATGGTAGCTATAACCGCATTACCGCATGTGTATTTGATTGTmG 

ATGAAGCCAAnCTGCnACATTACTACTTCGCTTACCGAAGACGGAAAGGTACCTCAACATTGCC 

GCATAGACCAnGCAGTmACCGATAAGATCACrmGACCAGGTAATTAACCTGAACAATACAG 

CCASAGCTAnAAAGACGGTTCGGTGGGAGGACCGGCGATGTACCATCGTGTTGATCACTGTTTrr 

TnrCCAATeCGCAAAAACCGGGTAATGCCGGAGGGGGAATCAGGATTGGCTATTACCGTAATGATA 

TAGGCCGTTGTCTGGTAGACTCTAACCTGTTTATGCGTCAGGATTCGGAAGCAGAGATCATCACCA 

GCAAATCGCAGGAAAATGTTTATTATGGTAATACTTACCTGAATTGCCAGGGCACCATGAACmC 

GTCACGGTGATCATCAGGTGGCCAnAACAATTTnATATAGGCAATGACCAGCGATTTGGATACG 

GGGGAATGmGmGGGGAAGCAGGCATGTCATAGCCTGTAATTATTTTGAGCTGTCCGAAACCA 

TAAAGTCGAGGGGGAACGCCGCAnGTAnTAAACCCCGGTGCTATGGCnCGGAGCATGCTOTG 

CmC6ATATGnGATAGCCAACAACGCma\T(yUVT6TAAATGGGTATGCCATCCATriTAATC 

CAnGGATGAGCGCAGAAAAGAATAnGTGCGGCCAATAGGCTTAAGnCGAAACCCCGCACCAGC 

TAAT6nAAAAGGCAATCTCncmAAGGATAAAC(TrATGTTTACCCATTTTTTAAAGATGAn 

ATnTATAGCAGGGAAAAATAGCTGGACTGGTAATGTAGCCTTAGGTGTGGAAAAGGGAATCCaG 

nAACAmCGGCCAATAGGTaGCCTATAAGCCGGTAAAAATTAAAGATATCCAGCCCATAGAAG 

GAATCGCTmGATCTCAATGCGCTGATCAGCAAAGGCAnACAGGAAAGCCCCTTAGCTGGGATG 

AAGTAAGGCCCTACTGGnAAAAGAAATGCCCGGGACGTATGCTTTAACGGCCAGGCTTTaGCAG 

Atagggctgcaaagtttaaagccgtaattaaaagaaataaagagcactga 
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FIG. 13 

mACCATTTTGCACAAAATAACCCATTAGCAGACUCTCATCAGATAAAAACTCAATACTAACGT 

TATCTGATAAACGTAGCAnATGGGAAACCAATacnTTATGGAAATGGAAAGGTGGTAGTAGCT 

nACmACATAAAAAACTGATTGTCCCCACCGATAAAGAAGCATCTAAAGCATGGGGACGCTCAT 

CTACCCCCGTmaCATmGGCTTTACAATGAAAAACCGAnGATGGTTATCnACTATCGAn 

TCGGAGAAAAACTMmCAACCAGTGAGGCTCAGGCAGGCTTTAAAGTAAAAnAGATTTCACTG 

GCTGGCGTGCTGTGGGAGTCTCTTTAAATAACGATCTTGAAAATCGAGAGATGACCnAAATGCAA 

CCAATACCTCCTCTGATGGTACTCAAGACAGCAnGGGCGncniAGGTGCTAAAGTCGATAGTA 

nCGTTrTAAAGCGCCnCTAATGTGAGTCAGGGTGAAATCTATATCGACCGTAmTGTTTTCTG 

TCGATGATGCTCGCTACCAATGGTCTGAmtCAAGTAAAAACTCGCTTATCAGAACCTGAAAnC 

AAmCACAACGTAAAGCCACAACTACCTGTAACACCTGAAAATTTAGCGGCCATTGATCnAnC 

GCCAACGTCTAATTAATGAATnGTCGGAGGTGAAAAAGAGACAAACCTCGCAnAGAAGAGAATA 

TCAGCAAATTAAAAAGTGAmCGATGCTCTTAATAnCACACnTAGCAAATGGTGGAACGCAAG 

GaGACATCTGATCACTGATAAACAAATCAmmATCAACCAGAGAATCTTAACTCCCAAGATA 

AACAGCTAmGATAATTATGTTATTTTAGGTAATTACACGACAnAATGTTTAATATTAGCCGTG 

CnATGTGCTGGAAAAAGATCCCACACAAAAGGCGCAACTAAAGCAGATGTACTTATTAATGACAA 

AGCArrTAnAGATCAAGGCmGnAAAGGGAGTGCrrTAGTGACAACCCATCACTGGGGATACA 

GnCTCGnGGTGGTATATTTCCACGnAnAATGTCTGATGCACTAAAAGAAGCGAACCTACAAA 

CTCAAGmATGATTCAmCTGTGGTAnCACGTGAGTTTAAAAGTAGTTTTGATATGAAAGTAA 

GTGCTGATAGCTCTGATCTAGAnATrTCAATACCTTATCTCGCCAACATTTAGCCTTAnATTAC 

TAGAGCCTGATGATCAAAAGCGTATCAACTTAGTTAATACmCAGCCATTATATCACTGGCGCAT 

TAACGCAAGTGCCACCGGGTGGTAAAGATGGmACGCCCTGATGGTACAGCATGSCGACATGAAG 

GCAACTATCCGGGCTACTCmCCCAGCCmAAAAATGCCTCTCAGCTOTTTATTTATTACGCG 

ATACACCATTTTCAGTGGGTGAAAGTGGnGGAATAACCTGAAAAAAGCGATGGTTTCAGCGTGGA 

TCTACAGTAATCCAGAAGTTGGATTACCGCTTGCAGGAAGACACCCTTTTAACTCACCnCGnAA 

AATCAGTCGCTCAAGGCTAnACTGGCnGCCATGTCTGCAAAATCATCGCCTGATAAAACACTTG 

CATCTAmATmGCGAmGTGATAAAACACAAAATGAATCAACTGCTATTTTTGGAGAAACTA 

nACACCAGCGTCmACCTCAAGGmCTATGCCmAATGGCGGTGCTTTTGGTAnCATCGn 

GGCAAGATAAAATGGTGACACTGAAAGCnATAACACCAAAGmGGTCATCTGAAATrTATAACA 

AAGATAACCGnATGGCCGnACCAAAGTCATGGTGTCGCTCAAATAGTGAGTAATGGCTCGCAGC 

TTTCACAGGGCTATOVGCAAGAAGiGnGGGAmGAATAGAATGCAAGGGGCAACCACTAnCACC 

TTCCTCnAAAGACTTAGACAGTCCTAAACCTCATACCTTAATGCAACGTGGAGAGCGAGGArrTA 

GCGGAACATCATCCOTGAAGGTCAATATGGCATGATGGCATTCGATCnAnTATCCCGCCAATC 

nGAGCGTmGATCCTAATTTCACTGCGAAAAAGAGTGTAnAGCCGCTGATAATCACTTAATTT 

TTAnGGTAGCAATATAAATAGTAGTGATAAAAATAAAAATGTTGAAACGACCTTATTCCAACATG 

CCAnACTCCAACATTAAATACCCmGGAnAATGGACAAAAGATAGAAAACATGCCnATCAAA 

CAAMCTTCAACAAGGTGAnGGnAAnGATAGCAATGGCAATGGTTACTTAATTACTCAAGCAG 

AAAAAGTAAATGTAAGTCGCCAACATCAGGrrrCAGCGGAAAATAAAAATCGCCAACCGACAGAAG 

GA AACTT TAGCTCGGCATGGATCGATCACAGCACTCGCCCCAAAGATGCCAGTTAT6AGTATAT6G 

TCTTTTTAGATGCGACACCTGAAAAAATGGGAGAGATGGCACAAAAAnCCGTGAAAATAATGGGT 

TATATCAGGnCnCGTAAGGATAAAGACGnCATATTAnaCGATAAACTCAGCAATGTAACGG 

GATATGCCCTTTATCAGCCAGCATCAAnGAAGACAAATGGATCAAAAAGGnAATAAACCTGCAA 

TTGTGATGAaCATCGACAAAAAGACACTCnAnGTCAGTGCAGnACACCTGATTTAAATATGA 

CTCGCCAAAAAGCAGCAACTCCTGTCACCAT(yWTGTCAC6AnAATGGCAAAT6GCAATCTGCT^ 

ATAAAAATAGTGAAGTGAAATATCAGGTTTCTGGTGATAACACTGAACTGACGrrTACGAGnACT 

nGGTAnCCACAAGAAATCAAACTCTCGCCACTCCCTTGAGAATTCCGCGGCCGCAGGCaCTAG 

AfiTCGACCTBCAfiTAATCGTACAGGGTAGTACAAATAAAAAAGGCACGTCAG 
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